Conformation Angles DataBase (CADB) provides an online resource to access data on conformation angles (both main-chain and side-chain) of protein structures in two data sets corresponding to 25% and 90% sequence identity between any two proteins, available in the Protein Data Bank. In addition, the database contains the necessary crystallographic parameters. The package has several flexible options and display facilities to visualize the main-chain and side-chain conformation angles for a particular amino acid residue. The package can also be used to study the interrelationship between the main-chain and side-chain conformation angles. A web based JAVA graphics interface has been deployed to display the user interested information on the client machine. The database is being updated at regular intervals and can be accessed over the World Wide Web interface at the following
INTRODUCTION
Knowledge of the conformation angles, in general, is important and is a pre-requisite during molecular modelling. The structural and conformational properties of the polypeptide chain containing the naturally occurring 20 different amino acids are of considerable interest in view of the occurrence of the residues at various regions of the protein molecule. Over the last few decades, in particular, major advances have been made in both the main-chain and side-chain conformation angles. Ramachandran plot is the display of the (f, C) angle pairs of a polypeptide chain in a given protein structure (1) . Over the years, structural crystallographers and the protein modellers use the Ramachandran plot during every stages of model building to see the stereo chemical feasibility of the main-chain torsion angles (f, C).
The concept of Ramachandran plot has been deployed to unravel the role of the individual amino acid residues in protein folding. Using the principles of the Ramachandran plot, considerable attention has been paid to elucidate the influence of the neighbouring amino acid residues (n 7 1) and (n þ 1) on the conformation of the middle residue n (2-4). Side-chain conformation angles adopted by various amino acid residues play a crucial role in determining the overall tertiary structure of the protein molecule. Owing to its importance, several authors (for example 5) have attempted considerably and derived their probable torsion angles. Thus, these values are useful in modelling the corresponding atoms in the protein structure. Due to recent advances in the data collection techniques and the computing methods, the number of protein structures in the Protein Data Bank (6) is increasing rapidly. The Protein Data Bank is the single unique archive to store all the protein structures solved to date. Thus, nearly 18 500 protein and nucleic acid structures are currently available in this entity. To the best of the knowledge of the authors, there is no web-based database available to study the conformation angles with user settable parameters using a search engine. However, there are rotamer libraries available on the web to study the conformation angles (7) (8) (9) (10) (11) . The present paper addresses these issues in detail with several useful options. Therefore, we have computed all possible conformation angles for the protein chains present in two different data sets corresponding to less than 25% and 90% sequence identity derived by Hobohm and Sander, EMBL, Heidelberg, Germany (12) . Also, a web-based Graphical User Interface (GUI) has been implemented to search the conformation angles database (CADB) more efficiently and also to trawl through the values provided in the database to get the required information in the form of convenient plots. In addition, the downstream options provided in the plot shows the analysis in a more comprehensive and user understandable format.
MATERIALS AND METHODS
The current version of CADB contains 6146 protein chains from 5402 protein structures for the 90% non-redundant protein sequences. In the case of 25% non-homologous data set, there are 1739 protein chains from 1654 protein structures. All the relevant information pertaining to the protein chains and residues (example PDB-id code, resolution, R-factor and the isotropic temperature factor etc.) are also provided in the database.
Initially, we planned to house the entire data in a single ASCII (readable text) file. However, due to the continued growth of protein structures in the Protein Data Bank (6), we have decided to park the resource in MySQL, a relational database management system (RDBMS). This allows queries that are more complex and addresses efficient maintenance issues. The database CADB contains protein structures, solved using the physical techniques, X-ray crystallography and NMR spectroscopy. The package is written using PERL and Java applet programming has been implemented for display purpose. The front-end data input part of this package is written in HTML and JavaScript, which allows user-friendly web forms. The database is very easy to use and can be accessed using Windows 95/98/2000, Windows NT server, Linux and silicon graphics (SGI) platforms with the NETSCAPE browser. The software and the database are hosted on our Bioinformatics linux cluster server (1.7 GHz Pentium IV processor, 512 MB of Random Access Memory, Redhat Linux 7.2).
ORGANIZATION AND UTILITIES OF CADB
The following three options are available in the CADB. The users need to select the experiment type (X-ray diffraction or NMR) for all the above said options. In addition, the users need to select the data type (25% or 90% nonredundant protein chains). For each of the above said options, the users have full control to select several quality-check criteria (resolution cut-off, R-factor cut-off and temperature factor cut-off) to study the behaviour of the residues under various situations. In the case of structures solved using NMR, the user has the option to perform their calculation based on the first model or the average structure from the ensemble of models. As implemented in the program PROCHECK (13) , the boundary regions of the fully, additionally and generously allowed regions are also marked in the plot. Once the plot is available on the client machine, the users can get the Ramachandran angles of a particular amino acid residue by clicking a residue in the list box provided at the right side of the plot and then the corresponding point is highlighted. Similarly, the users can get the complete information about the amino acid residue by clicking a point marked in the plot (Fig. 1) . The values plotted in the Ramachandran plot are also available by clicking the button 'Report'. The analysis button provides a detailed output such as the number of residues present in the various secondary structural regions marked in the plot. These options are very useful in finding the occurrence of the individual residues at various regions of the plot. The definition of the torsion angles conforms the convention of IUPAC-IUB (14) and the angles are calculated between À180 to þ180 . The print option allows the users to take a print out of the plot. Newman projection display technique has been deployed to show the distribution of sidechain conformation angles (Fig. 2) . In the trial runs, the plot appears in about 30-40 s depending upon the users input criteria and the network traffic. The CADB is an evolving resource and can be used as a research tool for conformation angles analysis. The CADB is freely accessible rich information resource, which is updated at regular intervals. New features will be added based on the request from the scientific community around the world. Users of CADB are asked to cite this article in their publication.
FUTURE PERSPECTIVES
The database CADB is scheduled to be updated as and when the data on the 25% and 90% non-homologous protein structures is available from the Hobohm and Sander FTP site, EMBL, Heidelberg, Germany. We also plan to provide additional options and make a number of improvements in the database (for example, to distinguish Cysteines based on their oxidation state). In addition, we will upgrade our existing hardware to improve speed.
